The aim of this study was to investigate an association between vascular access blood flow (QVA), cardiac output (CO), and load of left ventricle (LLV) using a simple physical model calculation based on real data, specifically in patients with high access blood flow arteriovenous fistula (AVF). Vascular access blood flow, CO, and peripheral vascular resistance (PR) were determined by ultrasound dilution technique (HD01; Transonic Systems, Inc., Ithaca, NY). Load of left ventricle was calculated using simplified formula: LLV ‫؍‬ PR ؋ CO 2 . This total load was computationally divided into the part spent to run the flow QVA through the AVF (LLV AVF ) and that part ensuring the flow (CO ؊ QVA) through the vascular system. The model calculation was first performed in a selected group of 15 patients with high access blood flow (QVA >1,300 ml/min, group 1) and later extended for comparison by another group of 40 unselected patients with access blood flow in lower range (QVA range 200 -1,400 ml/min, group 2). Mean LLV in group 1 was 2.10 ؎ 0.68 W. LLV AVF was 21.8% of total LLV. Mean LLV in group 2 was 1.2 ؎ 0.5 W. LLV AVF was 11.1% of total LLV. Our computational results suggest that AVF in typical range of QVA shall not increase heart load significantly.
Although the arteriovenous fistula (AVF) is an unphysiological encroachment upon the cardiovascular system, it is seldom considered a cardiovascular risk factor in hemodialysis patients. 1 Several authors suggested the association of AVF with left ventricle hypertrophy, [2] [3] [4] [5] high-output cardiac failure, 6, 7 or cardiovascular disease manifestation. 1 The aim of this study was to evaluate the impact of AVF on load of the left ventricle (LLV) using a simple physi-cal model calculation based on real cardiac output (CO), vascular access blood flow (QVA), peripheral vascular resistance (PR), and mean arterial pressure (MAP) data, specifically in patients with high access blood flow AVF. To our knowledge, this is the first study reporting absolute value of LLV and its portion into the part driving the systemic circulation and that one driving the flow through the vascular access.
Patients and Methods
The study was first performed in a selected group of 15 patients with high access blood flow (QVA Ͼ1,300 ml/min, group 1). Later, data from another group of 40 unselected patients with access blood flow (QVA range 200 -1,400 ml/min) were added to evaluate association of LLV and QVA over wider range of QVA magnitude. All patients gave their consent before their inclusion into the study. Characteristics of both investigated groups are given in Table 1 . As can be seen from the table, high access flow is more likely to develop in younger nondiabetic patients.
The QVA, CO, and PR were determined by ultrasound dilution technique (HD01; Transonic Systems, Inc., Ithaca, NY) during the first hour of dialysis sessions. The investigated patients were in supine resting condition before and during the measurement. Cardiac Index (CI) was defined as CO/body surface area (BSA, L/m 2 ). The LLV (W) was calculated as a product of flow (in this case CO) squared and hydraulic resistance (PR):
Resistance of AVF (PR AVF , mm Hg ⅐ min/L) and systemic peripheral resistance (PR S , mm Hg ⅐ min/L) are connected in parallel (Figure 1) . Resistance of the entire peripheral vascular system (PR, mm Hg ⅐ min/L), including AVF, can thus be expressed as:
Assuming further that the driving force for both CO and QVA is the MAP, PR, PR AVF , and PR S can be expressed as
Combining Equations 1-5, we can easily derive a formula to calculate the part of the overall LLV spent to run the flow QVA through the AVF (LLV AVF , W) and the flow through the entire remaining vascular system without the AVF (LLV S , W) from CO, QVA, PR, and MAP values:
Statistical Analysis
Continuous variables were described as mean Ϯ standard deviation or median separately for both patient groups. Pearson's correlation was used to determine the correlation between variables in the investigated groups of patient (QVA vs. LLV AVF ; QVA and LLV; and QVA and CI), and t test was used for comparison of all evaluated parameters in patient groups 1 and 2. Values of p Ͻ 0.05 were assumed as statistically significant. Data were analyzed using Statistica 7.0 (StatSoft Inc., Tulsa, OK).
Results
Results of mean or median values for both groups are summarized in Table 2 . In group 2, there was only one patient with QVA Ͼ1,300 ml/min. Differences in LLV, LLV AVF , and LLV S are statistically highly significant, but when related to BSA, only the LLV AVF /BSA showed statistically significant difference between the two groups.
The association between QVA and LLV AVF (taken as a percentage of LLV) with data from both groups together is apparently strong and nonlinear (r ϭ 0.79, p Ͻ 0.001, Figure 2 ). In groups 1 and 2 taken together, significant correlation was found between QVA and LLV (r ϭ 0.56, p Ͻ 0.001, Figure 3) . Border-line level of statistical significance was seen between QVA and CI in data from the two groups together (r ϭ 0.26, p ϭ 0.051).
Discussion
We have not found any data on the absolute value of LLV in dialysis patients in current literature. The LLV values obtained from our measurements nevertheless roughly correspond to those reported by Felici et al. 8 in a group of seven healthy males.
Our computational results suggest that AVF with QVA in a standard range (400 -800 ml/min) does not increase heart load significantly and represents only 7%-18% of the total LLV. We can thus assume that an AVF with a QVA in normal range is not the decisive factor of the total LLV magnitude. With increasing QVA, LLV AVF increases, too, both in absolute values and also as a percentage of the total LLV, i.e., increase in LLV AVF is disproportionately higher than increase in total LLV.
The LLV normalized to BSA (LLV/BSA) is by about one-quarter higher in patients with high QVA compared with patients with usual QVA. Absolute value LLV AVF /BSA in the group with high QVA is nearly threefold as compared with patients with usual QVA.
Patients with extremely high QVA (Ͼ2,000 ml/min) have about 1.5 times higher LLV in comparison with those having usual QVA. In this case, presence of an AVF may represent certain stress for the heart in long-term perspective. But it is debatable whether this increase in LLV is clinically so important that it would adversely affect patient's prognosis and would lead to manifestation of clinical signs. The article does not provide enough evidence to exclude that the presence of an AVF may adversely affect patient's prognosis in patients characterized by extremely high QVA. There were only very few patients with history of cardiac failure in our study, and it was thus impossible to statistically evaluate the risk of this complication with high access flow. Basile et al. 9 in his study of a larger group has shown that high QVA (especially Ͼ2.0 L/min) is associated with high-output cardiac failure. It just seems reasonable to suppose that an increase in LLV of this magnitude may be of clinical importance only in patients with compromised heart condition.
Our study was performed under at-rest conditions. It is unclear how the entire hemodynamics would change under physical load, which by itself induces an increase in CO. There are two possibilities: either the LLV AVF /LLV will remain unchanged and LLV AVF will increase along with LLV or the absolute value of LLV AVF will remain unchanged and its part on the LLV will thus become lower. If the latter possi-bility prevails, the impact of AVF in real life would be lower than shown in our study.
Conclusion
This study quantifies for the first time the absolute value of the load of the left ventricle in dialysis patients and divides it into the part spent to run systemic circulation and the part consumed by the AVF. Results of our study indicate that LLV AVF expressed as a percentage of the total LLV increases with increasing QVA in a nonlinear way. Vascular access blood flow values in normal range do not seem clinically important and should not significantly affect the heart. Contrary to this, an AVF with very high QVA consumes dispro- portionally high part of the LLV and may thus have negative effect on myocardium in long-term perspective.
